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Abstract. DNA fingerprinting was generated for two different Quercus robur L. embryogenic 
culture lines (NL100 - Quercus robur L., and Qf3 - Quercus robur var. fastigiata) using random amplified 
polymorphic DNA (RAPD). A total of ten arbitrary oligonucleotide (decamer) primers were used to study 
variability in DNA sequences within and between the two embryogenic lines. Seven out of ten primers 
gave polymorphism between the two Quercus embryogenic lines, two primers gave no polymorphism 
between the embryogenic lines and one primer (OPAL 20) has shown intraclonal polymorphism 
(somaclonal variation) within the line NL 100. Therefore, this primer can be used to screen for somaclonal 
variation which could appear due to tissue culture condition. Primers which gave polymorphism between 
the two embryogenic lines allow the two different lines and possible other Quercus varieties or species to 
be distinguished.  
 
INTRODUCTION 
 
Quercus robur L. is a variable species with many forms and varieties: according 
to the leaf (glabra (God) Schur., pendula (Lasch) Schur, etc.), acorn (brevipes (Heuff.) 
Beck, extensa Schur., perrobusta Borg., etc.) and crown features (fastigiata (Lam) 
Schur., pendula (Loud) DC). It is a tree of size I, of a special value due to the quality of 
the wood, high production and relatively easy regeneration (DoniŃă et al., 2004). 
At this time, several molecular methods were used to characterize mutations 
induced by tissue cultures in Quercus ssp., with the assessment of genetic instability or 
somaclonal variation. These techniques includes RAPD (random amplified polymorphic 
DNAs) (Ishii et al., 1999, Sanchez et al., 2003), AFLP (Amplified Fragment Length 
Polymorphism) (Hornero et al., 2001) and SSRs (Simple Sequence Repeat) (Wilhelm et 
al., 2005). Both, RAPD and AFLP resulted in detection of variations as well as lack of 
variations, while the use of SSR markers revealed genetic variations for five 
microsatellite loci. Random-amplified polymorphic DNA (RAPD) markers (Williams et 
al., 1990) have been also successfully used to analyze a number of other tree species 
including cocoa (Wilde et al., 1992), banana (Howell et al., 1994), poplar (Törjék et al., 
1998) apple (Koller et al., 1993), ecalypt (Grattapaglia and Sederoff, 1994), Prunus 
mahaleb (Jordano and Godoy, 2000), chestnut (Oraguzie et al., 1998), etc.  
In the present study, polymorphism was screened using RAPD decamer primers. RAPD 
patterns were analyzed to distinguish between the two Quercus robur embryogenic lines 
and to screen for somaclonal variations within the embryogenic lines. 
  
 
MATERIALS AND METHODS 
 
Plant material 
Two embryogenic culture lines (Qf3 and NL100) of pedunculate oak (Quercus 
robur L.) were obtained from I.C.A.S. Simeria and maintained in in vitro culture. In order 
to asses variations within and between the two culture lines 48 somatic embryos from 
each embryogenic line were removed at the cotyledonary stage. This material was used 
for total genomic DNA extractions and further molecular analysis. 
DNA extraction 
DNA was isolated using the procedure proposed by Lodhi et al., 1994 with only 
minor modifications. These modifications include addition of 4mM DIECA 
(Diethyldithiocarbamic acid), 2% PVP (Polyvinilpirolidone) and 0.5 M ascorbic acid to 
the extraction buffer. The concentration of DNA in solution was determined with 
spectrophotometer (Biophotometer, Eppendorf). Isolated DNA was stored in TE 
(Sambrook et al., 1989) at -20oC.  
RAPD analysis 
DNA from each individual was screened with 6 random primers from Operon 
Technologies Inc. Alameda, USA and with 4 random primers from University of British 
Columbia (Table 1). 
 
Table 1. Name and the sequences of the RAPD primers (OperonTechnologies, USA) and University of 
British Columbia 
 
Name of the 
primers  
Secuence of the primers  
(5’ – 3’) 
OPA-01 CAGGCCCTTC 
OPA-03 AGTCAGCCAC 
OPAB-11 GTGCGCAATG 
OPAB 18 CTGGCGTGTC 
OPAL 20 AGGAGTCGGA 
OPB 10 CTGCTGGGAC 
UBC 228 GCTGGGCCGA 
UBC 421 ACGGCCCACC 
UBC 436 GAGGGGGCCA 
UBC 537 CGAAAGGACT 
 
The PCR reaction (25µl) contained the following: 5x reaction buffer (GoTaq 
Green Master Mix, Promega), 0.2 mM dNTPs, 2.5 mM MgCl2, 0.5 µM primer, 2% PVP 
(Polyvinylpirolodone, Sigma), 1.0 unit of Taq DNA polymerase (GoTaq DNA 
Polymerase, Promega) and ~ 50 ng genomic DNA. The DNA was amplified in a thermal 
cycler (Eppendorf Mastercycler Gradient) that was programmed as follows: 
predenaturation for 3 min at 94oC; 45 cycles of 45 s at 94oC (denaturation), 60s at 38oC 
(annealing), and 90s at 72oC (extension); and a final extension at 72oC for 10 min, 
followed by cooling to 4oC. The amplified-DNA samples were analyzed by 
electrophoresis on 1.4% agarose gel in a 1X TAE buffer (40 mM Tris-acetate, 1 mM 
EDTA). The gels were stained with ethidium bromide (0.5 µg/ml) and visualized under 
UV light. All the amplification reactions were repeated twice in the case of monomorphic 
bands and tree times in the case of polymorphism. 
 
 
RESULTS AND DISCUSSIONS 
 
Two embryogenic culture lines (Qf3 and NL100) of pedunculate oak (Quercus 
robur L.) were used in this study. Amplification of genomic DNA from each line using 
all ten primers, revealed a variety of RAPD patterns. In our standard conditions RAPD 
primers amplified an average of 4.8 visible bands on an ethidium bromide stained agarose 
gel. Molecular mass of the RAPD bands was estimated by reference to a 100bp ladder 
(Promega). RAPD fragment sizes ranged from 200bp (UBC 228) to 1.8kb (OPA-01). All 
ten tested primers gave reproducible results according to the second round of analysis. 
The origin of the polymorphic loci was directly interfered from the presents of the 
fragment in one variety and the absence in the other (Figure 1, C and D). Polymorphic 
RAPD fragments between the two Quercus robur embryogenic lines were detected with 
seven (OPA01, OPA03, OPAB11, OPAB 18, OPB 10, UBC228 and UBC 436) random 
decamer primers (Table 2). Two primers (UBC 421 and UBC 537) gave common bands, 
therefore could not be used to distinguish between the two embryogenic lines (Figure 1, 
E and F). However, one primer (OPAL 20) has shown somaclonal variation within NL 
100 embryogenic line (Figure 1 A).  
Somaclonal variation or tissue culture derived genetic instability is thought to 
originate either from the release of genetic diversity preexisting in the explant or during 
cell-line differentiation or embryogenesis (Weising et al, 1995). It has been already 
reported that RAPD fingerprinting method can be successfully used to asses genetic 
instability of somatic embryogenesis-derived white spuce (Picea glauca) population 
(Isabel et al. 1996). However, Sanchez et al. 2003 testing four Quercus robur L 
embryogenic lines originating from different types of explant from the same seedling did 
not identify any somaclonal variation. 
 
Table 2. Polymorphisms identified with RAPD random primers 
 
Qf3 
embryogenic line 
NL100 
embryogenic line Primers Polymorphism 
within line 
Polymorphism 
within line 
Differentiation between 
Qf3 and NL 100 
embryogenic lines 
OPA01 NO NO YES 
OPA03 NO NO YES 
OPAB11 NO NO YES 
OPAB 18 NO NO YES 
OPAL 20 NO YES YES 
OPB 10 NO NO YES 
UBC228 NO NO YES 
UBC421 NO NO NO 
UBC 436 NO NO YES 
UBC537 NO NO NO 
 Using 32 arbitrary oligonucleotide primers they have shown no intraclonal nor 
interclonal polymorphism between the embryogenic lines, but each of the primers 
detected enough polymorphism among clones originating from different plants to be 
distinguishable.  
Our results have shown that RAPD technology can be extend in characterizing 
other somatic embryos belonging woody species. We have shown that generated 
molecular markers, with seven out of ten primers, can identify different oak embryogenic 
culture lines and one primer is able to mark somaclonal variation within the embryogenic 
line NL 100. 
  
 
 
 
 
 
 
 
  
Figure 1. RAPD fingerprints of 12 somatic embryos belonging to embriogenic line Qf3 (A, C and E) and 
NL100 (B, D and F) generated with three random primers, OPAL 20 (A and B), OPB 10 (C and D and 
UBC 421. 
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CONCLUSIONS 
 
Our work demonstrates that it is now possible to differentiate between the two 
oak embryogenic culture lines using RAPD molecular markers and to screen for 
somaclonal variation within embryogenic lines. Furthermore, the two embryogenic lines 
(Qf3 and NL100) now can be individually characterized with line-specific RAPD 
markers. In addition, our results show that if such an analysis were extended to additional 
oak embryogenic lines, particularly to lines with unknown pedigree information or from 
diverse sources, it would be possible to obtain a better representation of their genetic 
relationship with characterized oak genotypes. 
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